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Relation between retinoblastoma and p53 proteins
in human papilloma viruses 16/18 positive and
negative cancers of the uterine cervix
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Abstract
Aim-To ascertain the extent of retino-
blastoma protein (pRB) expression in
comparison to p53 protein and human
papilloma viruses (HPV) 16118 status in
cervical carcinomas.
Methods-Fifty cases of invasive cervical
carcinoma were HPV typed for genotypes
16 and 18 using consensus primers by
polymerase chain reaction (PCR). Immu-
nohistochemistry for pRB and p53 was
done on formalin fixed tissue using micro-
wave antigen retrieval and commercially
available antibodies.
Results-Forty five cases were squamous
carcinomas, three were adenocarcino-
mas, and two were adenosquamous carci-
nomas. Thirty one cases were HPV 16
positive and one was HPV 18. Sixteen
cases showed +4 pRB expression and a
further 11 were +3 positive. Seven cases
were negative. Only five cases (10%)
showed +4 p53 immunostaining, while
seven were negative and 15 were +1. Ofthe
16 pRB +4 positive cases, one was negative
for p53 and a further seven were +1
positive. This inverse pattern of staining
between pRB and p53 had a p value of
<0.001. No correlation was observed be-
tween HPV 16/18 status and p53 and/or
pRB staining.
Conclusions-pRB is expressed in the
majority ofcases ofcervical cancer (86%),
with more than 75% (+4) of the tumour
cell population being positive in 16 cases
(32%). There appears to be a general
inverse pattern of staining between pRB
(high) and p53 (low) in cervical cancer.
The expression of both pRB and p53
proteins is independent of the HPV 16/18
status of the tumour.
(7 Clin Pathol 1997;50:413-416)
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There is a strong association between particu-
lar genotypes ofhuman papilloma virus (HPV)
and cervical cancer. The mechanism by which
HPV achieves oncogenesis is thought to be
mediated by two viral oncoproteins, E6 and
E7. Both these oncoproteins complex with
several cellular proteins that are responsible for
regulating cell growth, especially p53 and
retinoblastoma (pRB) proteins. Both these
proteins are products of tumour suppressor

genes that normally maintain tightly regulated
cell proliferation and growth. When the control
mechanisms of the cell cycle are disturbed,
unrestricted cell proliferation and ultimately
the tumour state occurs.
The purpose of this paper is to explore the

extent ofpRB and p53 immunoexpression and
to see if a relation exists between these two
proteins, in the setting of both HPV 16/18
positive and negative cervical cancers from
South Africa.

Methods
Fifty consecutive cases diagnosed as carcinoma
of the uterine cervix were used in this study.
Fresh tissue was collected for DNA extraction
and surgical biopsies were also submitted in
10% buffered formalin. All 50 cases were
evaluated by two of us (RC and AB) to confirm
the diagnosis, type, and grade of carcinoma.
DNA extraction was accomplished from

fresh tissue using a modification of the salting
out method of Miller et al.' Tumour DNA was
analysed for the presence of HPV by polymer-
ase chain reaction (PCR) amplification using
the Li consensus primers MY 09 and MY 11,
and the cycling conditions recommended by
Manos et al.3 Amplified HPV DNA was typed
for HPV 16 and HPV 18 by Southern hybridi-
sation using specific oligonucleotide probes
labelled with digoxygenin (Boehringer Man-
nheim, Germany). Cervical cancers known to
be HPV 16 and 18 positive were used as posi-
tive controls. Reactive tonsil was used as nega-
tive control tissue. Amplifiable DNA was veri-
fied by amplification of the P globin gene
(approximately 300 base pairs in size).
Immunohistochemistry was performed on

formalin fixed, paraffin embedded tissue using
the streptavidin-biotin complex technique with
DAB as chromogen. Antigen retrieval was per-
formed with microwave pretreatment. Anti-
bodies used were: D07 to detect p53 protein
(monoclonal, dilution 1 in 1000, Dakopatts,
Denmark) and pRB to detect pRB (mono-
clonal, dilution 1 in 50, Zymed Laboratories,
USA). D07 detects both wild-type and mutant
p53 protein, while the antibody to pRB detects
both the phosphorylated and unphosphory-
lated form of the protein. Appropriate positive
controls (a case of colorectal cancer which was
known to be immunopositive with both p53
and pRB) and negative control (omission of the
primary antibody) were employed.
The quantitation of immunostaining for p53

and pRB was assessed as follows: less than 5%
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Table 1 Summary of results

Case Histologica Grade

1 SCC Poor
2 SCC Mod
3 AC Poor
4 SCC Poor
5 SCC Mod
6 SCC Mod
7 SCC Mod
8 SCC Mod
9 SCC Mod
10 SCC Mod
11 SCC Mod
12 SCC Mod
13 SCC Poor
14 SCC Well
15 SCC Well
16 SCC Mod
17 SCC Mod
18 SCC Poor
19 SCC Mod
20 SCC Mod
21 SCC Mod
22 SCC Mod
23 SCC Mod
24 SCC Mod
25 SCC Poor
26 SCC Mod
27 AC Poor
28 ASC
29 ASC
30 SCC Mod
31 SCC Poor
32 SCC Poor
33 SCC Mod
34 SCC Poor
35 SCC Mod
36 SCC Poor
37 SCC Mod
38 SCC Mod
39 SCC Mod
40 SCC Poor
41 SCC Mod
42 SCC Mod
43 AC Mod
44 SCC Mod
45 SCC Mod
46 SCC Well
47 SCC Mod
48 SCC Poor
49 SCC Well
50 SCC Poor

HPV

16
16

16
16
16
16
16

16

16
16

16
16
16
16
16
16

16
16
18
16

16

16

16
16

16
16

16
16
16
16
16

16

p53

2+
2+

1+
1+
3+
1+
2+

2+

3+
1+
3+
1+
2+
1+
3+
3+
4+
2+
2+
1+
2+
1+

1+
1+
1+
2+
2+
3+

3+
2+
4+
2+
4+

2+
1+
4+
2+
3+
4+
1+
2+
1+
1+

pRb
g

a...~~ 9"

2+
1+
1+

4+
4+
1+
2+
2+
4+

1+
3+
3+
3+
3+
3+
3+
2+
4+
3+
1+
4+
4+

4+
4+
3+
4+
4+
4+

2+
2+
4+
4+
2+
1+
1+

3+
1+
3+
2+
4+
3+
4+
4+

AC, adenocarcinoma; ASC, adenosquamous carcinoma; SCC,
squamous cell carcinoma.

of cells immunolabelled, negative; 5-24% cells,
positive +1; 25-49% +2; 50-74% +3; 75-
100% +4.

STATISTICS
A Fisher's exact test and a X2 test were applied
for statistical analysis, and a p value < 0.05 was
considered significant.

Results
The results are summarised in table 1. Forty
five of the cases were squamous carcinomas,
three were adenocarcinomas, and two were
adenosquamous carcinomas. The degree of
differentiation of the squamous carcinomas
was as follows: four were well differentiated, 29
were moderately differentiated, and 12 were
poorly differentiated. Of the three adenocarci-
nomas, two were poorly differentiated, the
other being moderately differentiated. In total
32 (31 squamous carcinomas and one adeno-
carcinoma) of the 50 cases were either HPV 16
or 18 genotypes (fig 1). Thirty squamous
carcinomas and the one moderately differenti-
ated adenocarcinoma were HPV 16 positive,
while only one squamous carcinoma (poorly
differentiated) harboured HPV 18.

Figure 1 Nylon blots showing hybridisation ofgeneric
HPV (upper bands) and HPV 16 (lower bands) in two
positive cases (96 T and 108 T).

pRB EXPRESSION
Sixteen cases showed +4 staining (fig 2) and a
further 11 were +3 positive. Seven cases were
negative, eight showed + 1 staining, and a
further eight were +2 positive.

p53 IMMUNOSTAINING
Only five cases showed +4 positivity (fig 3),
while seven were negative and 15 showed +1
and +2 immunoreactivity. Eight cases showed
+3 positivity.
Of the 16 cases that were +4 pRB positive,

the corresponding p53 immunostaining was as
follows: one was negative, seven showed +1, six
were +2, and one case each was +3 and +4 (p
< 0.001). Of the five cases that were +4 for
p53, three were +2 for pRB. One of the adeno-
carcinomas (case 43) showed +4 p53 staining
(fig 4).
No statistical correlation was observed bet-

ween HPV 16/18 status and p53 or pRB
immunostaining.

Discussion
The role of tumour suppressor genes in the
process of carcinogenesis is an important one
and is currently being investigated intensively.
Both p53 and Rb are prototype tumour
suppressor genes and defects within these two
genes result in loss of their oncosuppressor
functions. Mutant p53 protein probably acts as
a dominant suppressor of the wild-type pro-
tein. Wild-type p53 protein has the ability of
arresting cells in G1 in response to any geno-
toxic event and inducing programmed cell
death if the DNA damage cannot be repaired,
or if aberrent replication cannot be stopped.4
The retinoblastoma gene, Rb, is deleted or

mutated in several malignancies including
retinoblastomas, osteosarcomas, lung, breast,
and bladder cancers.5' Loss of the Rb gene is
thought to lead to loss of pRB protein with
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Figure 2 A moderately differentiated squamous carcinoma showing +4 stainingj

Staining appeared slightly heterogeneous, with some negative nuclei present (anti-p
x87).
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consequent uncontrolled cell proliferation, and
eventually tumour formation.

Central to uterine cervical carcinogenesis is
the role of the high risk HPV genotypes: 16, 18,
and 31.1° The precise mechanism by which
HPV induces cervical carcinogenesis has
proved somewhat enigmatic. However, it has
emerged that simple HPV infection alone is not
sufficient for oncogenesis. Rather, integration
of viral DNA into host DNA is the key.'2 15 On
integration of the HPV genome, there is
disruption of the E2 open reading frame while

*. t.v! the E6 and E7 regions remain intact.' It is
thought that these two viral genes and their
proteins are responsible for the transforming
ability of HPV.16
E7 binds to pRB and it would be logical to

* suggest that this E7-pRB complex would lead
to loss of negative control of the cell cycle lead-

for pRB. ing to uncontrolled cell proliferation. Similarly,
iRB, E6 interferes with the normal function of p53

by causing degradation of wild-type p53. This
is enhanced by the fact that E6 has similar
properties to mutant p53.'
The results of our study do not point to a

straightforward relation between HPV 16/18
and pRB and p53. With regard to p53 protein
expression, we have shown immunopositivity

42a.io" in both HPV 16/18 positive and negative cervi-
X'">s' ,cal cancers, as have others.'7 To explain these

findings, it has been postulated that there are
conformational changes in wild-type p53
protein, causing it to change from suppressor

:4i§*;~ to promoter or mutant p53. Others have found
+ f K > both p53 protein and gene abnormalities to be

infrequent in cervical cancers.'4 Low levels of
p53 protein expression were also found in the
current study, irrespective of HPV 16/18
status.

...... The functional state of pRB is dependent on
its state of phosphorylation, which occurs in a

*'*t cell cycle dependent manner.'" It is the under-
or hypophosphorylated form ofpRB that func-

all the tions as a cell cycle regulator. It is also known
ses that several adenoviruses and other DNA

viruses bind to the hypophosphorylated form
of pRB. The expression of pRB has not been
intensively studied in human cervical cancers
along with the HPV status. In a study on cervi-
cal cancer cell lines, it was suggested that E7
protein expression results in loss of pRB gene
function in HPV positive cell lines.20

....;'.i In 27 of 50 cervical carcinomas analysed in
this study, more than 50% of the tumour cell
population expressed pRB. Like p53 immuno-
expression, pRB immunoreactivity was inde-
pendent of HPV 16/18 status. Of the 32 HPV
16/18 positive tumours, 17 displayed +3 or +4

t ** pRB immunolabelling of tumour cells. From
o * these results it would appear that E7 inactiva-
,4 tion of pRB does not occur in the majority of

cases. There could be several reasons for this
increased pRB expression. It may well be that
E7-pRB complexes do form in cervical cancer,
and immunohistochemistry is detecting only
the hyperphosphorylated form of pRB. Alter-
natively, the complex may be formed and

itive, turned over rapidly, or the complex may occuriing early in HPV infection and be lost during the
later stages of carcinogenesis.
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An interesting facet to this study lay in the
comparison of p53 and pRB immunoprofiles.
Those cases with high pRB expression tended
to have low immunoexpression of p53. This
inverse pattern of staining has also been seen in
colorectal adenocarcinomas.22 The significance
of this is not readily apparent, but may be a
reflection of low p53 expression in general in
cervical cancers.

This study has therefore confirmed that p53
protein expression (which is independent of
HPV 16/18 status) is low in cervical cancers.
pRB immunostaining on the other hand is
high, and this too is independent ofHPV 16/18
infection. Of interest is the inverse relation
between pRB (high) and p53 (low) proteins in
cervical cancer.
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